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(57)Abstract: 

PROBLEM TO BE SOLVED: To prepare a zeolite 
membrane having high mechanical strength and high gas 
separation ability. 

SOLUTION: A sol 3 or gel for zeolite membrane 
synthesis is infiltrated into a porous support 1 followed 
by hydrothermal treatment of the resultant porous 
support 1 to form crystal inside the porous support. The 
objective zeolite membrane 4, 5 thus obtained is not 
liable to develop defects when heat-treated and has high 
mechanical strength as well as high gas separation ability 
inherent in zeolife. When the porous support is 20.5mm 
in thickness, sufficient amount of the sol 3 or gel for 
zeolite membrane synthesis can be infiltrated into the 
porous support, therefore being significant in the above- 
mentioned effects. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Zeolite film which is zeolite film produced by the porosity base material in order to give a 
mechanical strength to the zeolite film, and is characterized by having high gas separability when the 
interior of said porosity base material has a zeolite crystal. 

[Claim 2] Zeolite film according to claim 1 characterized by the effective thickness of said porosity base 
material being 0.5mm or more. 

[Claim 3] The manufacture approach of the zeolite film characterized by forming in the interior of a porosity 
base material the zeolite film which the sol for zeolite film composition or gel is made to permeate, carries 
out hydrothermal processing of this porosity base material, is made to generate a crystal, and has high gas 
separability. 

[Claim 4] The manufacture approach according to claim 3 characterized by what said osmosis is what is 
performed by pouring compulsorily said sol for zeolite film composition or gel into the interior of said 
porosity base material. 

[Claim 5] The manufacture approach according to claim 4 that said thing [ pouring in compulsorily ] is 
characterized by making said sol for zeolite film composition or gel breathe out to said porosity base 
material with high voltage, and pouring into the interior of said porosity base material. 
[Claim 6] The manufacture approach according to claim 4 that said thing [ pouring in compulsorily ] is 
characterized by for degassing actuation removing the air bubbles inside said porosity base material, and 
pouring said sol for zeolite film composition or gel into the interior of said porosity base material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the zeolite film, the zeolite film which a porosity base 
material is made to support in detail and which has high gas separability that it sets in process and is hard 
to generate a defect, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The zeolite film is polycrystal film which zeplite crystals overlap and generally 
becomes film-like. This zeolite film has several angstroms pore during the crystal. For this reason, the 
application to demarcation membranes, such as gas separation by the molecular sieve using this pore and 
a pervaporation, a membrane reactor, or a gas sensor etc. is considered. Furthermore, the zeolite is 
excellent in thermal resistance and chemical resistance, and the application as gas permeation membrane 
in an elevated temperature is especially expected also in the above-mentioned application from pore size 
being almost uniform. 

[0003] By the way, since the relation during a zeolite crystal was weak and the mechanical strength was 
weak, the film formed by the zeolite crystal independent was difficult for using as a demarcation 
membrane. For this reason, the activity with the gestalt which made the porous base material support a 
zeolite from the former has been considered. For example, a mixed sol is covered to porosity support, 
itself or after carrying out temporary quenching and gelling. How to carry out hydrothermal processing of 
this support at 80-500 degrees C by the hot water middle class, and calcinate and manufacture at 400- 
1300 degrees C (JP,4-80726,B), This aquosity gel mixture by carrying out heating etc., without producing 
a turbulent flow by contacting support into the aquosity gel mixture which consists of the source of a zeolite 
frame metal, a source of alkali metal, and water How (JP,6-99044,A) to deposit the zeolite film on this 
support, The suspension of alkali metal, silicon and the sol containing the component of aluminum, or gel 
is applied to a ceramic porous body base front face, and there is a method (JP,7-89714,A) of 
manufacturing the zeolite film etc. by being exposed into a steam. 
[0004] 

[Problem(s) to be Solved by the Invention] However, these approaches heat-treat in order to remove the 
impurity of pyrolysis nature, such as a crystallization accelerator which carried out film production adding 
after mixing. Under the present circumstances, at the time of film production, since stress occurs by 
expansion accompanying combustion of the difference of the coefficient of thermal expansion of a zeolite 
and a base material, or a pyrolysis nature component etc. even if defect-free, the film defect by generating 
of the crack in the interface of the grain boundary or a base material, and a crystal and exfoliation of the 
film etc. may arise. Since a gas will penetrate through these defects as compared with zeolite pore size 
when [ remarkable ] large, this defect becomes difficult [ it / to obtain gaseous sufficient separation engine 
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performance ]. 

[0005] For example, according to Kiyozumi's and others report (Kiyozumi et al., a catalyst, vol.134, 
No. 6, 368 (1992)), in the demarcation membrane which produced the Silicalite film which is one sort of a 
zeolite on the surface of a base material, the gaseous separation factor serves as a value guessed from a 
KUNUSSEN flow, and the almost same value. That is, it has suggested that gaseous transparency shows 
the transparency pattern of a KUNUSSEN flow mold, and the gas is penetrating not the pore of Silicalite 
but the bigger defect than it. Moreover, in the collection of the 60th annual convention research 
presentation lecture summaries of the Society of Chemical Engineers, Japan, and N109, it is not only over 
the value helium/N2 and C02/N2 separation factor is predicted to be from a KUNUSSEN flow slightly, the 
defect-free film is not necessarily supported on the base material, and it can guess that film production is 
inadequate. 

[0006] On the other hand, although it is suggested to above-mentioned JP,7-89714,A that the zeolite film 
which buries the pore which faces a ceramic porous body front face is producible, there is no publication 
about the concrete process of this film, a property, etc. 

[0007] Then, this invention is the zeolite film produced by the porosity base material, in order to give a 
mechanical strength to the zeolite film, and it aims at offering the zeolite film which a defect cannot 
generate easily during the time of the film production which made the zeolite crystal generate inside a 
porosity base material, or heat treatment. Moreover, also let it be the further object to offer the 
manufacture approach of this zeolite film. 
[0008] 

[Means for Solving the Problem] This invention makes the sol or gel for zeolite film composition permeate 
the interior of the porosity base material excellent in the mechanical strength, makes a crystal generate, 
and it offers the zeolite film which maintained high gas separability while raising a mechanical strength. 
Generating of the stress by the difference of the coefficient of thermal expansion of the zeolite at the time 
of heat treatment after film production and a porosity base material and generating of the stress at the time 
of combustion clearance of a pyrolysis nature component are eased, generating of a defect is prevented, 
and the zeolite film which the crystal generated inside this porosity base material has high gas separability. 
That is, invention according to claim 1 is the zeolite film produced by the porosity base material in order to 
give a mechanical strength to the zeolite film, and when the interior of said porosity base material has a 
zeolite crystal, it is zeolite film which has high gas separability. 

[0009] Claim 2 shows the desirable embodiment. That is, in the zeolite film according to claim 1, the 
effective thickness of a porosity base material of invention according to claim 2 is 0.5mm or more. When 
the raw material mixture for zeolite film composition is a sol, even if the sol has permeated in a porosity 
base material for the reason described below that the effective thickness of a porosity base material is less 
than 0.5mm, a defect may arise. For this reason, it is useful that the effective thickness of a porosity base 
material is 0.5mm or more, especially when the raw material mixture for zeolite film composition made to 
permeate the interior of a porosity base material is a sol. In addition, the colloidal particle which consists of 
a silica currently added in order to form a zeolite, an alumina, etc. is fine, and a sol is a system which 
distributes thoroughly and shows a fluidity in a liquid, and, generally is transparent or translucent here. On 
the other hand, although the liquid has suspended gel since the colloidal particle is large as compared with 
a sol, it means the system which is maintaining the fluidity, without solidifying since the interaction between 
colloidal particles is weak. Although conversion of a sol and gel is produced by change of pH, the class of 
raw material, concentration, etc., the gel generally used for zeolite composition is high concentration as 
compared with a sol. 

[0010] When the raw material mixture for zeolite film composition is gel, there is no big change in the 
volume after gel and crystallization (film-production-izing), and since the concentration of a colloidal 
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particle is high as mentioned above, if gel has permeated homogeneity from the front face of a porosity 
base material to an internal predetermined part, the defect-free zeolite film which continued from the front 
face of this porosity base material to this internal predetermined part can be obtained by subsequent 
hydrothermal processing etc. 

[0011] However, since the concentration of a colloidal particle is low as mentioned above and there is a big 
difference in the volume after gel and crystallization (film-production-izing) when the raw material mixture 
for zeolite film composition is a sol, the zeolite film with a defect may arise. 

[0012] Drawing 1 [ - (4) is the mimetic diagram having shown signs that the zeolite film was produced 
inside the porosity base material. ] - (1 ) Drawing 1 - (2) Drawing 1 - (3) Drawing 1 Drawing 1 - If 
hydrothermal processing is performed in this sol for zeolite film composition after making the sol for zeolite 
film composition permeate the interior of a porosity base material as shown in (1) ( drawing 1 - (2)), 
crystallization will start near a porosity support surface. A zeolite accumulates on the front face of a 
porosity base material in the initial stage of film production, the polycrystal film is formed, and a zeolite 
crystal begins ( drawing 1 - (3)) to grow up to be also the interior of a porosity base material by every 
place. Under the present circumstances, as compared with the crystal growth to the interior, film 
production in a front face advances quickly. For this reason, the zeolite film will be produced by the front 
face before the film which followed the interior is produced. If it will be in this condition, the sol for zeolite 
film composition inside a porosity base material and the external sol for zeolite film composition will be 
intercepted, and the sol for zeolite film composition is no longer supplied to the interior of a porosity base 
material any more. In this case, crystal growth inside a porosity base material will be performed by only the 
sol for zeolite film composition which had permeated the interior of a porosity base material before the film 
is produced by the porosity support surface. For this reason, if the sol for zeolite film composition of 
sufficient amount for film production has permeated the interior of a porosity base material, it will become 
the zeolite film which the crystal grew and continued soon ( drawing 1 - (4)). However, crystal growth is 
drawing 1 when the sol for zeolite film composition of sufficient amount for crystal growth has not 
permeated the interior of a porosity base material. - It stops in the condition as shown in (3), and the case 
where the part non-produced a film remains inside a porosity base material arises. If the zeolite membrane 
element with which this part non-produced a film remained is heat-treated, it may become the cause that 
the path which a crack produces and a gas penetrates through the zeolite film is made to the zeolite 
produced by the front face which a defect tends to produce like drawing 2 , and the separation engine 
performance falls greatly. 

[0013] In order to prevent such a defect, the sol for zeolite film composition of sufficient amount for film 
composition has just permeated the interior of a porosity base material. Since [ to which composition 
progresses ] it will not be rich and a porosity support surface will be covered with a zeolite, a line crack 
becomes that however, the supply of the sol for zeolite film composition to the interior of a porosity base 
material from the outside does not have less. Therefore, beforehand, sufficient sol for zeolite film 
composition of an amount for the film composition inside a porosity base material needs to permeate the 
interior of a porosity base material, before the film composition by the porosity support surface. For this 
reason, only the pore volume which stores the sol for zeolite film composition of sufficient amount for the 
volume of the pore inside a porosity base material to form the zeolite film in the interior of a porosity base 
material is needed. However, even if it enlarges the porosity and pore size of a porosity base material and 
enlarges the volume of the pore of a porosity base material, since the cross section of the pore which the 
zeolite film should cover becomes large, it is ineffective. The volume of the pore inside a porosity base 
material can be enlarged by thickening effective thickness of a porosity base material. While touched the 
sol for zeolite film composition, and the effective thickness of a porosity base material puts the distance 
between a field, one [ this ] field, and the field of an opposite hand in it here. For example, when a porosity 
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base material is tabular, the thickness of the wall (porosity base material) with which the free passage hole 
which is the distance of the medial surface or lateral surface which is the distance of a field, this, and the 
field of an opposite hand, and touched the sol for zeolite film composition in the cylinder-like porosity base 
material, and the lateral surface or a medial surface while the sol for zeolite film composition was touched, 
and adjoins in a honeycomb and a multi-configuration is in a batch is put. Therefore, effective thickness 
when the field of not only one [ this ] field but this opposite hand is in contact with the sol for zeolite film 
composition too serves as half [ of the distance of one / this / field and the field of this opposite hand ]. In 
addition, a multi-configuration means that by which two or more free passage holes, such as a cylindrical 
shape and a prism form, were prepared in the interior of porosity base materials, such as a cylinder and a 
prism, (refer to drawin g 7 ). 

[0014] If there is a certain effective thickness more than fixed, it will become possible to store the sol for 
zeolite film composition of sufficient amount for the film composition inside a porosity base material in the 
interior of a porosity base material. By compounding the zeolite film using this porosity base material, 
repeatability can obtain the high zeolite film with the high separation engine performance more. The 
effective thickness of a desirable porosity base material is 1mm or more more preferably 0.5mm or more. 
By setting effective thickness of a porosity base material to 0.5mm or more, when the sol for zeolite film 
composition is made immersed in the interior of a porosity base material and hydrothermal processing etc. 
is performed, the defect-free film is produced inside a porosity base material. In addition, in order to 
compound the defect-free zeolite film inside a porosity base material, it is desirable for the sol for zeolite 
film composition to have permeated 1mm or more more preferably 0.5mm or more from the porosity 
support surface. 

[0015] Moreover, this invention makes the sol for zeolite film composition, or gel permeate the interior of a 
porosity base material, and offers the approach of forming the zeolite film which has high gas separability 
by the approach of carrying out hydrothermal processing of the porosity base material, and making a 
crystal generating. That is, conventionally, film production was mainly performed on the front face of a 
porosity base material, and a crystal did not generate inside the porosity base material. For this reason, 
even if it was the film defect-free at the time of film production, it was difficult to manufacture the film in 
which it is easy to produce generating of a crack, and exfoliation of the film, and high gas separability is 
shown by subsequent heat treatment. According to the manufacture approach of this invention, since the 
zeolite film is produced inside a porosity base material, generating of the stress at the time of heat 
treatment after film production is eased, generating of a defect is prevented, and it has high gas 
separability. That is, invention according to claim 3 is the manufacture approach of the zeolite film which 
forms in the interior of a porosity base material the zeolite film which the sol for zeolite film composition or 
gel is made to permeate, and carries out hydrothermal processing of this porosity base material, is made 
to generate a crystal, and has high gas separability. 

[0016] Claim 4, claim 5, and claim 6 show the desirable embodiment for making said sol for zeolite film 
composition or gel permeate the interior of a porosity base material. The sol for zeolite film composition or 
gel permeates the interior of a porosity base material by this approach, and the zeolite film maintains high 
gas separability also by subsequent heat treatment, without producing a film defect. That is, invention 
according to claim 4 is the manufacture approach performed by pouring compulsorily the sol for zeolite film 
composition, or gel into the interior of a porosity base material in an approach according to claim 3. in an 
approach according to claim 4, compulsory impregnation makes the sol for zeolite film composition, or gel 
breathe out to a porosity base material with high voltage, and pours invention according to claim 5 into the 
interior of a porosity base material — it comes out and is a certain manufacture approach, in an approach 
according to claim 4, compulsory impregnation removes the air bubbles inside a porosity base material by 
degassing actuation, and invention according to claim 6 pours the sol for zeolite film composition, or gel 
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into the interior of a porosity base material — it comes out and is a certain manufacture approach. 
[0017] 

[Embodiment of the Invention] Although the zeolite film is excellent in gas separability, since the 
mechanical strength is weak, generally it is covered and used for the strong porosity support surface of a 
mechanical strength. However, a film defect is produced according to generating of the stress by heat 
treatment after a coat etc. in many cases, and a result by which the gas separability which a zeolite has 
essentially is spoiled is brought. The zeolite film concerning this invention is not the front face of a porosity 
base material, it prevents that this film defect arises by making the interior of a porosity base material 
permeate, and it maintains gas separability while raising a mechanical strength. The zeolite film applied to 
this invention below and its manufacture approach are explained. 

[0018] The following raw materials can be used for the sol for zeolite film composition or gel used as the 
raw material of the zeolite film concerning this invention. That is, an aluminum sulfate, an aluminium 
nitrate, an aluminum chloride, a sodium aluminate, etc. are a sodium hydroxide, a potassium hydroxide, 
cesium hydroxide, etc. as a source of alkali metal as a source of a silica as a source of aluminas, such as 
a sodium silicate, a silica sol, a meta-sodium silicate, orthosilicic acid sodium, water glass, a meta- 
potassium silicate, and a silicon alkoxide. According to the class of zeolite made into the object, and a 
presentation, the source of a silica, the source of an alumina, and the source of alkali metal can be chosen 
as arbitration from these. Furthermore, for example, a tetrapropylammonium star's picture (TPABr), a 
tetrabutylammonium star's picture, etc. can be used as a crystallization accelerator. In addition, the zeolite 
film used for this invention may be the thing of what kind of presentation. For example, you may be the 
special zeolite which does not contain an alumina component. Moreover, you may be the zeolite which 
contains titanium oxide, an oxidation gallium, an iron oxide, yttrium oxide, etc. in addition to a silica and an 
alumina. 

[0019] The sol for zeolite film composition or gel is prepared according to a conventional method. For 
example, the gel for zeolite A type composition can be prepared by the following approaches. That is, a 
sodium aluminate (NaAI02, 87%) is dissolved in water, and a silica sol (Si02, 30%) is added to this. If a 
sodium-hydroxide solution is added after agitating this mixture for 30 minutes and making it homogeneity, 
the gel which has Na2 O/SiO 2= 0.5, Si02/aluminum203=4, and the presentation that becomes H2 
0/Na20=246 will generate. As a zeolite which can be used for this invention, what kind of class is 
sufficient as a ZSM-5, Silicalite, and zeolite A mold, a zeolite Y mold, etc. 

[0020] It is required to be what has free passage pore as a porosity base material concerning this 
invention, and as long as it has free passage pore, what has a needlelike hole may stand in a row, for 
example. Moreover, it is required to be the construction material to which a mechanical strength may exist 
in stability in hydrothermal processing and subsequent heat treatment highly in physical properties, for 
example, a metal and alloys, such as ceramics, such as an alumina, a mullite, and a KODI light, and 
porosity stainless steel, porous glass, etc. can be used. Moreover, the configuration of a porosity base 
material can be made into various configurations, such as the shape of the shape of the shape of the 
shape of the shape of the shape of the shape of the shape of film, and a board, and a barrel, a pellet type, 
and a particle, and a hollow filament, and textile fabrics, and a nonwoven fabric, and a honeycomb, that 
what is necessary is just what the crystal of a zeolite generates in the interior. Moreover, especially the 
manufacture approach of a porosity base material is not limited, for example, can be chosen as arbitration 
in accordance with the configuration of porosity base materials, such as press forming, extrusion molding, 
and a slip casting. 

[0021] In order to make the sol for zeolite film composition permeate the interior of a porosity base 
material, as for the effective thickness of a porosity base material, it is desirable that it is 0.5mm or more, 
and it is 1mm more preferably. If the effective thickness of a porosity base material is 0.5mm or more, it will 
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become possible to store the sol for zeolite film composition of sufficient amount for the film composition 
inside a porosity base material, and the defect-free zeolite film which continued from the front face of a 
porosity base material to internal predetermined thickness can be obtained. In addition, although the 
predetermined thickness of the zeolite film generated inside the porosity base material after hydrothermal 
processing etc. does not carry out especially definition, the thickness of the arbitration of 0.5 micrometers - 
50 micrometers of a porosity support surface to abbreviation is desirable. Although it will become easy to 
damage if this thickness is too thin not much, the thickness of the arbitration which the thinner one of 
permeability will be good and will be 5-30 micrometers of abbreviation if it becomes which is not damaged 
is more desirable. Moreover, in order to make the sol for zeolite film composition, or gel permeate the 
interior of a porosity base material, it is desirable that the pore size of a porosity base material is 0.03-20 
micrometers, and porosity is 10 - 60%. Further more preferably, pore size is 0.06-10 micrometers, and 
porosity is 20 - 40%. The sol for zeolite film composition or gel permeates the interior of a porosity base 
material enough, and the porosity base material 0.03-20 micrometers and whose porosity pore size is 10 - 
60% does not bar separation of the efficient and easy gas by the zeolite. 

[0022] Next, how to make a zeolite permeate the interior of a porosity base material is explained. By the 
approach of applying the conventional sol for zeolite film composition or gel to a porosity support surface, 
since the component which generates a crystal did not permeate the interior of a porosity base material, 
crystallization of a zeolite advanced only by the porosity support surface, and film production was mainly 
performed by the support surface. For this reason, even if it was the defect-free film at the time of film 
production, generating of a crack and exfoliation of the film arose during heat treatment, and the gas 
separability which the zeolite film has was spoiled. According to this approach, generating of such a defect 
can be prevented, and the zeolite film which has high gas separability can be obtained. 
[0023] As long as it can make the sol for zeolite film composition or gel used as the raw material of the 
zeolite film permeate the interior of porosity, what kind of approach may be used. For example, although a 
long time is required a little, after predetermined carries out time amount neglect, the approach of 
performing hydrothermal processing is also employable [ a porosity base material is immersed into the sol 
for zeolite film composition, or gel and the sol for zeolite film composition or gel is made to permeate the 
interior of a porosity base material according to a capillary condensation operation, and ]. 
[0024] However, as an approach of making the sol for zeolite film composition, or gel permeating the 
interior of porosity, the method of pouring physically the sol for zeolite film composition or gel into the 
interior of a porosity base material compulsorily is desirable. By pouring in compulsorily, osmosis in the 
interior of a porosity base material of the sol for zeolite film composition or gel can be performed with 
repeatability efficiently [ in a short time ] and sufficient. Furthermore, the amount of osmosis inside [ of the 
sol for zeolite film composition or gel ] a porosity base material can be controlled more easily. 
[0025] The approach of making breathe out the sol for zeolite film composition or gel to a porosity support 
surface as the compulsory impregnation approach with high voltage, and pouring into the interior of a 
porosity base material with the discharge pressure is more desirable. A pump can be used in order to 
make the sol for zeolite film composition, or gel breathe out. Although the conditions for considering as the 
zeolite film which is equal to subsequent heat treatment, and maintains good gas separability are based on 
the presentation of a sol or gel, the construction material of a porosity base material, pore size, porosity, 
etc. when based on this approach, it is desirable that the arbitration of about 10 minutes - 5 hours carries 
out the time amount regurgitation, for example by the pressure of the arbitration of pumping pressure 
about 0.5 to 10 kgf/cm2. If it is this pressure and time amount, sufficient sol for zeolite film composition of 
an amount to generate the defect-free film can be made to permeate the interior of a porosity base 
material with an effective thickness of 0.5mm or more. 

[0026] As other more desirable approaches of compulsory impregnation, degassing actuation removes the 
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air bubbles inside a porosity base material, and there is a method of pouring the sol for zeolite film 
composition or gel into the interior of a porosity base material. This approach makes the sol for zeolite film 
composition, or gel permeate the interior of a porosity base material easily by removing the air bubbles 
which exist in a porosity base material with a vacuum pump etc. It can more specifically, for example, as 
follows, carry out. that is, the sol for zeolite film composition is put into a container, and a porosity base 
material is immersed into this sol - making — a container — a vacuum pump — using — low voltage — it is 
preferably made the pressure of the arbitration of about 20 or less mmHgs. Sufficient sol for zeolite film 
composition of an amount to generate the defect-free film can be made to permeate the interior of a 
porosity base material with an effective thickness of 0.5mm or more under this reduced pressure by [ of 
the arbitration of about 1-10 hours ] carrying out time amount maintenance. In addition, as long as the 
above-mentioned container has the resistance under reduced pressure, it may be what kind of thing. 
[0027] According to the approach degassing actuation removes the air bubbles inside the method of 
making the aforementioned sol for zeolite film composition or gel breathe out with high voltage, and a 
porosity base material, the sol for zeolite film composition or gel can be made to permeate the interior of a 
porosity base material with efficiently and sufficient repeatability for a short time, and the amount of 
osmosis can be controlled easily. Hydrothermal processing after osmosis inside [ of this sol for zeolite film 
composition or gel ] a porosity base material is performed, by generating a crystal and producing a film 
inside a porosity base material, generating of the stress by subsequent heat treatment etc. can be eased, 
generating of a film defect can be prevented, and the gas separability of a zeolite can be maintained. In 
addition, the sol for zeolite film composition or gel should just permeate the interior of a porosity base 
material, and even if the sol for zeolite film composition or gel has adhered to the porosity support surface, 
it does not interfere. Moreover, the sol for zeolite film composition or gel needs to permeate the interior 
from all the pores that exist in a porosity support surface. Otherwise, it is because it is impossible to 
maintain the gas separability which a gas will flow out of the pore of a porosity base material with a larger 
path than the pore of the zeolite film, and the zeolite film has. 

[0028] Hydrothermal processing of a porosity base material in which the sol for zeolite film composition or 
gel permeated the interior can be performed according to a conventional method. For example, it can carry 
out by placing a porosity base material at the temperature of 80-500-degree C arbitration into the time 
amount of the arbitration of 3 - 180 hours, and the heating steam which is only immersed into hot water or 
the hot water in an autoclave, or circulates. Furthermore, hydrothermal processing may be performed as it 
is in the sol for zeolite film composition, or gel. It heat-treats in order to remove the impurity of pyrolysis 
nature, such as an added crystallization accelerator, after said hydrothermal processing. Heat treatment is 
performed when the arbitration of 1 - 10 hours carries out time amount baking in the temperature 
environment of 500-1 000-degree C arbitration with a conventional method. The zeolite film generates 
inside a porosity base material according to this process. 

[0029] By the approach of applying the sol for zeolite film composition, or gel to the above-mentioned 
porosity support surface of the passage former, although a film defect etc. arises at the time of this heat 
treatment, by making the sol for zeolite film composition, or gel permeate the interior of a porosity base 
material, it prevents that this film defect etc. arises, and while a mechanical strength improves, the zeolite 
film which maintained high gas separability is obtained. 
[0030] 

[Example] Although the example of this invention is explained below, the following examples do not restrict 
this invention at all. In addition, drawing 3 is the mimetic diagram of element ** incorporating the porosity 
base material for performing the separation trial of a gaseous mixture concerning an example, and the 
radiographic examination of a pure gas. 

[0031] In the solution made to dissolve <Example> 1 TPABr and a sodium hydroxide in distilled water, 
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colloidal silica (Made in formation [ 30 KATAROIDO (Cataloid) SI- a catalyst ]) was added, it agitated to 
homogeneity, and the sol for composition was prepared. The presentation of this sol was made into the 
ratio of 0.1TPABr-0.05Na2 O-SiO2-80H2O. The alumina porosity base material 7 (an outer diameter is 
10mm, a bore is 7mm, and the effective thickness of a porosity base material is 1 .5mm.) with which it is 
cylindrical in the container containing this sol with the base material, carry out the seal of the lateral 
surface to it, and it was made for the lateral surface not to touch this sol with reference to drawin g 3 
Moreover, die length is [ about 0.8 micrometers and the porosity of 100mm and average pore size ] 33%, 
and 99.9% is the quality of an alumina. It was immersed, and with the vacuum pump, the inside of a 
container was decompressed to 10mmHg(s), and was held for 6 hours. After that, the alumina porosity 
base material 7 was put into the autoclave with this sol, hydrothermal processing was performed at 170 
degrees C for 72 hours, and the zeolite film 9 was produced inside the alumina porosity base material 7 
from the medial surface 8 of the cylinder-like alumina porosity base material 7. After 80-degree C warm 
water's having washed the alumina porosity base material 7 which supported the zeolite film 9, cleaning it 
ultrasonically further after film production and carrying out the distilled water permutation, it dried at 100 
degrees C for 24 hours. It calcinated at 600 degrees C after that for 2 hours, TPABr under crystal was 
removed, and it considered as sample **. Drawing 3 shows typically signs that the zeolite film 9 permeated 
the interior of the alumina porosity base material 7 from the medial surface 8. It was checked that the 
zeolite film 9 is Silicalite as a result of X diffraction (XRD) analysis. Moreover, it was checked as a result of 
scanning electron microscope (SEM) observation of the fracture surface of the alumina porosity base 
material 7 that the crystal is generating inside the alumina porosity base material 7. The thickness of an 
internal crystal was about 30 micrometers from the medial surface 8. Moreover, the pore size of the zeolite 
film 9 was considered to be about 0.6nm from the result of an X diffraction, and this was mostly in 
agreement with the pore size of Silicalite generally said. Drawing 4 is drawing showing the SEM image of 
the cross section of the alumina porosity base material 7 with which the zeolite film 9 permeated the 
interior. Using this sample **, at the room temperature (25 degrees C), the separation trial of a carbon 
dioxide and a nitrogen gaseous mixture was performed, and the separation factor (C02/N2) and the 
transmission coefficient were measured. That is, as shown in drawing 3 , one opening of the cylinder-like 
alumina porosity base material 7 is sealed with an acrylic board 10, and opening of another side is 
connected with a gas chromatograph through the swage lock 1 1 . The gaseous mixture of carbon-dioxide 
10 capacity % and nitrogen 90 capacity % was supplied from the lateral-surface side of the cylinder-like 
alumina porosity base material 7, the gas which penetrated the zeolite film 9 was analyzed by the gas 
chromatograph, and the transmission coefficient was computed by the degree type. 
[0032] 
[Equation 1] 

Q 

p= ~ 

(P l -P 2 > • A • t 

[0033] here - P - in supply lateral pressure (Pa) and p2, transparency lateral pressure (Pa) and A express 

a film surface product (m2), and t expresses [ a transmission coefficient (mol/m2 and s-Pa) and Q / the 

amount (mol) of transparency, and p1 ] time amount (s). 

[0034] Moreover, the separation factor was computed by the degree type. 

[0035] 

[Equation 2] 

c a2 //c bZ 
a = 

c al /c bl 
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[0036] It is here, and in C02 concentration before transparency, and Cb1, N2 concentration before 

transparency and calcium2 express C02 concentration after transparency, and, as for alpha, Cb2 

expresses [ a separation factor and calciuml ] N2 concentration after transparency. 

[0037] A result is shown in a table 1 . 

[0038] 

A table 1] 
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[0039] The same sol for composition as the <example 2> example 1 was made to breathe out for 1 hour to 
the medial surface 8 of the same alumina porosity base material 7 as an example 1 using a booster pump 
by discharge-pressure 3 kgf/cm2, and the film was produced by the still more nearly same approach as an 
example 1. It washed, cleaned ultrasonically, permuted, dried and calcinated at the same process as an 
example 1 after that, and considered as sample **. It was checked that the zeolite film 9 is Silicalite as a 
result of XRD analysis. Moreover, it was checked as a result of scanning electron microscope (SEM) 
observation of the fracture surface of the alumina porosity base material 7 that the crystal is generating 
inside the alumina porosity base material 7. The thickness of an internal crystal was about 10 micrometers 
from the medial surface 8. Moreover, the pore size of the zeolite film 9 was considered to be about 0.6nm 
from the result of an X diffraction, and this was mostly in agreement with the pore size of Silicalite 
generally said. The separation trial of the same carbon dioxide as an example 1 and a nitrogen gaseous 
mixture was performed using this sample **. A result is shown in a table 1. 

[0040] It was immersed, the alumina porosity base material 7 same to the same sol for composition as the 
<example 3> example 1 as an example 1 was left for 24 hours, and the film was produced by the still more 
nearly same approach as an example 1. It washed, cleaned ultrasonically, permuted, dried and calcinated 
at the same process as an example 1 after that, and considered as sample **. It was checked that the 
zeolite film 9 is Silicalite as a result of XRD analysis. Moreover, it was checked as a result of scanning 
electron microscope (SEM) observation of the fracture surface of the alumina porosity base material 7 that 
the crystal is generating inside the alumina porosity base material 7. The thickness of an internal crystal 
was about 7 micrometers from the medial surface 8. Moreover, the pore size of the zeolite film 9 was 
considered to be about 0.6nm from the result of an X diffraction, and this was mostly in agreement with the 
pore size of Silicalite generally said. The separation trial of the same carbon dioxide as an example 1 and 
a nitrogen gaseous mixture was performed using this sample **. A result is shown in a table 1 . 
[0041] It was immersed, the alumina porosity base material 7 same to the same sol for composition as the 
<example 1 of comparison> example 1 as an example 1 was left for 30 minutes, and the film was 
produced by the still more nearly same approach as an example 1. It washed, cleaned ultrasonically, 
permuted, dried and calcinated at the same process as an example 1 after that, and considered as sample 
**. It was checked that the zeolite film is Silicalite as a result of XRD analysis. Moreover, it was checked as 
a result of scanning electron microscope (SEM) observation of the fracture surface of the alumina porosity 
base material 7 that are generating the crystal only to the medial surface 8 of the alumina porosity base 
material 7, and the crystal is not generating inside the alumina porosity base material 7. Moreover, the 
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pore size of the zeolite film was considered to be about 0.6nm from the result of an X diffraction, and this 
was mostly in agreement with the pore size of Silicalite generally said. Drawing 5 is drawing showing the 
SEM image of the cross section of the alumina porosity base material 7 with which the zeolite film exists 
only in a medial surface 8. The separation trial of the same carbon dioxide as an example 1 and a nitrogen 
gaseous mixture was performed using this sample **. A result is shown in a table 1. 
[0042] In the case of examples 1-3, a separation factor is dramatically larger than the value (0.8) predicted 
from 3.8, 3.0, 2.7, and a KUNUSSEN flow, respectively, and it has suggested diffusion by the surface 
adsorption by the pore of Silicalite. Moreover, it can check that the repeatability of a separation factor and 
a transmission coefficient is also good, and is airtight. [ of the zeolite film 9 ] The case where the air 
bubbles inside the alumina porosity base material 7 are especially twisted to the approach of removing by 
degassing actuation has the highest separation factor, and the effectiveness of this approach can be 
checked. 

[0043] On the other hand, in the case of the example 1 of a comparison, the repeatability of a separation 
factor and a transmission coefficient is low, a separation factor serves as a value near 1 , and the 
separation engine performance is hardly shown. That is, the small thing is suggested as compared with 
the case where the airtightness of the alumina porosity base material 1 and the zeolite film is examples 1- 
3. That is, it is suggested in the case of baking that it is easy to generate a film defect with the stress 
generated according to the difference of the coefficient of thermal expansion of a zeolite and a porosity 
base material etc. 

[0044] Using the element (refer to drawing 3 ) incorporating sample ** of the <example 4> example 1, at 
the room temperature (25 degrees C), the radiographic examination of the carbon dioxide of the zeolite 
film 9, nitrogen, oxygen, helium, hydrogen, methane, and each pure gas of a propane was performed, and 
the transmission coefficient ratio was measured. In addition, a transmission coefficient ratio expresses the 
ratio of the transmission coefficient of each pure gas. A result is shown in a table 2. 
[0045] 
[A table 2] 
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[0046] The zeolite film 9 of sample ** of an example 1 can check that it is effective in separation of various 
gases from a table 2. 

[0047] The zeolite film was produced using the porosity base material (99.9% is the quality of an alumina) 
of the various configurations shown in <examples 5-12 and the examples 2-6 of a comparison^ next a 
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table 3. 
[0048] 
[A table 3] 
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[0049] In the solution made to dissolve TPABr and a sodium hydroxide in distilled water, colloidal silica 
(Made in formation [ 30 KATAROIDO (Cataloid) SI- a catalyst ]) was added, it agitated to homogeneity, 
and the sol for composition was prepared. The presentation of this sol was made into the ratio of 
0.1TPABr-0.05Na2 O-SiO2-80H2O. The alumina porosity base material with which it is cylindrical in the 
container containing this sol with base material, carry out the seal of the lateral surface to it, and it was 
made only for a medial surface to touch this sol (examples 5-8, 10 and 12, example 2 of a comparison), 
The alumina porosity base material which carried out the seal of the field of another side so that only one 
field might touch this sol with tabular (examples 9 and 1 1 , examples 4-6 of a comparison), The alumina 
porosity base material (example 3 of a comparison) with which carry out the seal of the lateral surface 
(refer to drawin g 7 ) in a multi-configuration, and it was made only for a medial surface to touch this sol 
was immersed, and with the vacuum pump, the inside of this container was decompressed to 10mmHg(s), 
and was held for 6 hours. In addition, as for the multi-configuration of the example 3 of a comparison, 19 
free passage holes of a cylindrical shape with a bore of 4.5mm are prepared in the interior of a cylinder 
(porosity base material) with an outer diameter [ of 30mm ], and a die length of 100mm. The effective 
thickness of an adjoining free passage hole is 0.4mm in the thinnest part. Drawing 7 is the mimetic 
diagram of the cross section of the porosity base material of a multi-configuration. After that, each alumina 
porosity base material was put into the autoclave with this sol, hydrothermal processing was performed at 
170 degrees C for 72 hours, and the zeolite film was produced [ inside one field of a tabular alumina 
porosity base material to the alumina porosity base material ] inside the alumina porosity base material 
from the medial surface of a cylinder-like alumina porosity base material, respectively inside the medial 
surface of the alumina porosity base material of a multi-configuration to the alumina porosity base material. 
After 80-degree C warm water's having washed each alumina porosity base material which supported the 
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zeolite film, cleaning it ultrasonically further after film production and carrying out the distilled water 
permutation, it dried at 100 degrees C for 24 hours. It calcinated at 600 degrees C after that for 2 hours, 
TPABr under crystal was removed, and it considered as the sample. It was checked that the zeolite film 
produced by each porosity base material is Silicalite as a result of X diffraction (XRD) analysis. The SEM 
observation result of the film production condition of each of this zeolite film is shown in a table 4. 
[0050] 
[A table 4] 
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[0051] (Valuation basis of film production nature) 
O : a defect is not accepted. 
[0052] x: A defect is accepted. 

[0053] In addition, a defect has a part non-produced a film in a porosity base material, or means the case 
where it is admited by generating of a crack, or exfoliation of the film that practical use is impossible. 
[0054] From this result, when the effective thickness of a porosity base material is less than 0.5mm, the 
defects in which SEM observation can also be checked, such as a part non-produced a film and exfoliation 
of the film, exist. On the other hand, if the effective thickness of a porosity base material is 0.5mm or more, 
in a thin part, the zeolite film can check that the film is produced by the thickness of 10 micrometers or 
more, and cannot check a defect, either. Moreover, in a multi-configuration, effective thickness has a less 
than 0.5mm part, and produces a membranous defect in this part. 

[0055] Among each porosity base material with which the above was produced, at the room temperature 
(25 degrees C), the separation trial of a carbon dioxide and a nitrogen gaseous mixture was performed, 
and the separation factor (C02/N2) and the transmission coefficient were measured about examples 5, 6, 
8, 10, and 12 and the examples 4, 5, and 6 of a comparison. That is, about a cylinder-like porosity base 
material, as shown in drawin g 3 , one opening of the alumina porosity base material 7 is sealed with an 
acrylic board 10, and opening of another side is connected with a gas chromatograph through the swage 
lock 1 1 . The gaseous mixture of carbon-dioxide 10 capacity % and nitrogen 90 capacity % was supplied 
from the lateral-surface side of the cylinder-like alumina porosity base material 7, the gas which penetrated 
the zeolite film 9 was analyzed by the gas chromatograph, and the transmission coefficient was computed 
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by the formula (several 1). Moreover, the separation factor was computed by the formula (several 2). 
Moreover, about the tabular porosity base material, as shown in drawing 6 , the porosity base material was 
fixed in the eel 19, gas transparency was performed, and a separation factor and permeability were 
computed. Furthermore, about the porosity base material of a multi-configuration, one opening was sealed 
for the alumina porosity base material 22 of the multi-configuration shown in drawin g 7 with the acrylic 
board like the case of drawin g 3 , opening of another side was connected with the gas chromatograph 
through the swage lock, the gaseous mixture of carbon-dioxide 10 capacity % and nitrogen 90 capacity % 
was supplied from the lateral-surface 23 side of a cylinder-like alumina porosity base material, and a 
separation factor and permeability were computed. A result is shown in a table 4. 

[0056] When a defect was not accepted in the film from a table 4, the separation engine performance was 
good. On the other hand, when a defect is accepted in the film, the separation engine performance is not 
shown. That is, it is thought that the gas is penetrating through this defect. It has checked that the film 
which the effective thickness of a porosity base material shows 0.5mm or more and the separation engine 
performance especially high in 1mm or more from the above-mentioned result was produced. 
[0057] 

[Effect of the Invention] Generating of the film defect by subsequent heat treatment can be prevented by 
making the sol or gel for zeolite film composition permeate the interior of a porosity base material, and 
making the crystal of a zeolite generate inside a porosity base material. That is, when a zeolite was 
conventionally produced only on the front face of a porosity base material, the film defect occurred with the 
stress generated according to the difference of the coefficient of thermal expansion of the zeolite and 
porosity base material by subsequent heat treatment etc., but by making the zeolite film only generate 
inside a porosity base material, generating of the above-mentioned film defect is prevented, and while 
raising a mechanical strength, the zeolite film which maintains high gas separability can be obtained. 
When especially the effective thickness of a porosity base material is 0.5mm or more, the zeolite film 
which followed the interior of this porosity base material thoroughly by compounding the zeolite film is 
supported, and the zeolite film in which the high separation engine performance is shown is obtained with 
sufficient repeatability, without a defect generating after heat treatment. 
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* notices * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 - (1) expresses a porosity base material. Drawing 1 - (2) shows the condition that 
the sol for zeolite film composition permeated the interior of a porosity base material. Drawing 1 - (3) 
shows the condition that the zeolite film began generation inside the porosity base material. Drawing 1 - 
(4) shows the condition that the continuous zeolite film was formed in the interior of a porosity base 
material. 

[Drawing 2] The condition that the crack arose is shown in the zeolite produced by the porosity support 
surface. 

[ Drawin g 3] It is the mimetic diagram of element ** incorporating the alumina porosity base material of the 
shape of a cylinder for performing the separation trial of a gaseous mixture concerning the example of this 
invention, and the radiographic examination of a pure gas. 

[ Drawing 4] It is the photograph in which the SEM image (organization of a ceramic ingredient) of the cross 
section of zeolite film ** which permeated the interior of an alumina porosity base material and this alumina 
porosity base material concerning the example of this invention is shown. 

[ Drawing 5] It is the photograph in which the SEM image (organization of a ceramic ingredient) of the cross 
section of zeolite film ** which exists only in the medial surface of an alumina porosity base material and 
this alumina porosity base material concerning the example of this invention is shown. 
[ Drawing 6] It is the mimetic diagram of eel ** incorporating the tabular alumina porosity base material for 
performing the separation trial of a gaseous mixture concerning the example of this invention, and the 
radiographic examination of a pure gas. 

[ Drawin g 7] It is the mimetic diagram of the cross section of the porosity base material of the multi- 
configuration concerning the example of this invention. 
[Description of Notations] 
1, 7, 20 Porosity base material 

2 Pore inside Porosity Base Material 

3 Sol for Zeolite Film Composition 
4, 5, 9, 13, 16, 21 Zeolite film 

6 Crack 

8, 12, 15 Medial surface of a porosity base material 

10 Acrylic Board 

1 1 Swage Lock 

14 Zeolite Film Which Permeated Interior of this [ Porosity Base Material and ] 
17 18 The interior of a porosity base material where a zeolite has not permeated 
19Cel 
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22 Rubber for Immobilization 

23 Porosity Base Material of Multi-Configuration 

24 Lateral Surface of Porosity Base Material of Multi-Configuration 

25 Free Passage Hole of Porosity Base Material of Multi-Configuration 

26 Medial Surface of Porosity Base Material of Multi-Configuration 
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